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FIG,2. Biclogical calendar of scallop reproduction and fishing practice in Bass Strait scallops

ves the self-reproducing capacity of the popula-
tion and describes a level of fishing that begins to
limit the ability of the mature spawning popula-
tion to effectively provide adequate future
recruitment - in this case, adequate in terms of
providing a commercial fishery. The second con-
ceptisrelatively better understood, and describes
fishing at a size or age at which the maximum
yicld in weight (or dollars if economic informa-
tion is availuble) is not realized; that is, fishing
the resource at a ‘small’ size when a larger size
would provide better returns,

Having recognised the nced for active manage-
ment in Bass Strait, a number of strategies arc
worthy of consideration, including maximising
yield from individual beds or populations. One
approach 1o maximising yield from a population
where annual recruitment to the sume population
can be ignored is to calculate the annual balanee
between growth of the scallops and removal from
the population by death (Mohn,1986). This ap-
proach is relatively easy to evaluate given infor-
mation about growth rates, mortality rates at age
and the cffective gear selectivity rates for cach
age, The problem lics in the assumptions of the
‘yield-per-recruit’ models used to derive this in-

formation, as they do not genecrally consider
either environmental or fishery related variations
in annual recruitment.

For example, the yield-per-recruit approach
will generate the same advice on optimal fishing
strategies whether or not recruitment overfishing
is occurring, and yet it would be critical for a
fishery manager to modify the strategies for
management if such recruitment overfishing was
occurming. Murtin et al. (1990) examined the
problems of simple yield-per-recruit manage-
ment strategies for the Bass Strait scallop fishery,
and concluded that they would generally provide
poor results. These problems were further dis-
cussed by Young & Martin (1989).

It is still not certain whether recruitment of
scallops in Bass Strait is dependent upon supply
of larvae from nearby beds. However, regular
spat monitoring over two years at six sites in Bass
Strait, and advection modelling of larval trajec-
tories with real wind and tide data using a verified
cireulation model (Fandry,1983), showed that
larvae are conserved within Bass Strait in all but
the windicst years (Young et al,,1992). A posi-
tivc relationship between commercial catch rates
and spattall in the same 1° square in Bass Strait
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also provides some evidence of a stock recruat-
ment relationship (Young et al.,1990). Thus scal -
lop stocks are probably self-sustaining in Bass
Strait and a viable spawning stock should be
maintained. Although a minimum stock level
cannot be defined, a conservative approach (o
prevent recruitment overfishing should be incor-
porated into the management plan. Several
authors have identified the possibility of recrujt-
ment overfishing in Bass Strait (McLoughlin ct
al,,1988; Martin et al..1989; Zacharin, 1990;
Young & Martin. 1989); the Bass Strait scullop
management plan initiated in 1991 aims to avoid
this problem,

AGE AND FECUNDITY

A biological *calendar’ of scallop reproduction
and Nishing (Fig. 2) shows that to achieve two
major spawnings, scallops must be in their third
year of growth. Fecundity of scallops of vasious
ages und from various areas of Bass Strail was
first determined by CSIRO during their 3 year
research program (Martin et al.,1990). While
fecundity was found to be variable, there ap-
peared a relationship of size (age) and egg
production. with 3+ year class scallops shedding
3-5 times as many eggs as 1+ scallops. These 3+
scaltops were 75-85mm shell height. Although a
linear age/fecundity schedule for Bass Strait scul-
lops is drawn for simplicity (Fig.2) it is probable
that the relationship is non-linear, reaching an
asymptote at some value approximate to maxi-
mum siz2 of this species at around 140mm shell
height.

STOCK MANAGEMENT

Despite the inherent problems with the assump-
tions underlying yicld-per-recruit medcls, it is
usefulta cansideran example of growth overfish-
ing modelled for a hypothctical Bass Strait scal-
lop bed. Typically, the model used isan analytical
yield model developed for exploited fish popula-
tions (e.g., Beverton & Holt,1957). Sinclairetal.
(1985) for example, used such a model modified
for use on scallops to estimate yield as a function
of fishing effort and gear selectivity-ut-age,
where the annual catch from the population under
a given fishing stralegy equals the colch that can
be taken from a single cohort throughout its life
under the same sirategy. The yield 1s maximised
by maximising the following rclationship for a
single cohort,
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where Y is the annual yield, FU is the instan-
taneous fishing mortality at tme t, Nt is the
abundance of the cohort at time t, and W1 is the
meat weight in grams of the individual scallops
at time t. The model assumes that fishing takes
place on the sime ¢ohart over a numbher of years,
and the management aim in this case is (o (arget
fishing on the age class (or time) when the yield
is maximised, Sinclarr et al. (1985) uscd this
approach to cxamine the effect of varying
management strategies in the Canadian fishery
for the sea scallop Placopecten magellanicus,
where up to 13 ycar classes may be present and
fishing does not usually target on scallops until
they are 5-6 years old. Their analysis showed
clear overall yield benefits in targeting older year
classes.

The same situation of multiple year classes and
annual recruitment 1o beds does not occur in the
Bass Strant fishery. Here, scallop beds are
generally composed of a single dominant year
class, are fished to ‘extinction’ in the same year
ax fishing eommences, and very little survival
occurs into the next year, The madel does not then
have to formally take into account fishing mor-
tality in each year, since typically it is always in
excess of the capacity of the bed to survive into
the next year (McLoughlin et al.,1991). The
model reduces to calculating the yield in each
ycar from a given age/size structure, exploitation
rate (E) and stock size (N), traded off against an
annual natural mortality (M). An equation to cal-
culate yield at time t thus reduces to:

1l
Fe. N, W), di

-1

(n

YFZE; NG W (2).

while the number of seallops available for cap-
ture in each ycar is

Nt+1=Nt(1-M) (3).

Thig has been modelled for three management
strategies, using dala from average meat weights
at age for Bass Strait scallops and 2 ‘hypo-
thetical” scallop population, wherc:

Nt: Although used only as an example,
Zachasin (pers. comm. 1990) calculated the stock
size available for capture ata bed near Deal Island
as¢.26 million scallops, assuming an overall 30%
dredge cfficiency during the surve{ of Junc 1990
(Martin.1990; McLoughlin et al.,1991). Assum-
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TABLE 1, Analytical (meat) yield model results for
three management strategics, where (a) is scullops
fished from age 1+ onwards, (b) is scallops fished
from age 2+ onwards, (c) is scallops fished from age
3+ onwards, and (d) is scallops fished from age }+
onwards with a sclectivity factor of 50% for the 1+
scallops.

Age (Yrs) | Population | Av. Wi(g) Catch
(000,000) (tonnes)
(a) | 23.5 7.7 180.9
2 1.5 11.2 16.8
3 1.0 14.0 14
TOTAL 211.7
(b 2 12.2 11.2 136.8
3 0.7 14.0 10.9
4 0.5 17.0 8.5
TOTAL 156.2
(©) 3 6.3 14.0 88.9
4 0.4 17.0 6.8
5 0.3 18.0 4.6
TOTAL 100.3
( 1 122 7.7 919
2 1.5 112 16.8
3 1.0 14.0 14
TOTAL 124.7

{d) modified (50%) selectivity for year | cobort.

ing a rcalistic cohort age on this bed (from length
frequency data), Lhis has been converted to an age
structured population of 23.5 million 1+ year
scallops (90.3%), 1.5 million 2+ year scallops
(5.7%) and 1 million 3+ year scallops (4%).

Wt: While average meat weights vary sig-
nificantly in Bass Strait, particularly for the King
Island beds, yields are given for average meat
weights for age/size classes encountered in
spawning condition,

M: a fixed annual natural mortality of 0.52 has
been applied 10 individual cohors. While this is
the only published figure for this specics
(Gwyther & McShane,[988), it is likely to be
highly variable. This figure is nsed as an average
value only.

The scenarios modelled under the assumptions
above (Table 1) have the same population (a)
fished after initial discovery as a combination of
1., 2-and 3+ year old cohorts, (b) left for one yeur
and fished at 2-, 3- and 4+ year old cohorts, and
(c) left for two years and fished as 3-, 4- and 5+
year old coborts. In this simple cxample substan-
tial decreases in yield result from leaving the
scallops until a majority are aged 2+ years and

n

older, and this trend is continued if they are not
fished until the dominant cohort is 3 years old.
However, it is worth considering this result more
closely in relation to actual fishing practice in
Bass Strait. Scallops in year 1 cohorts in July of
each year typically range in size from 50-70mm
shell height, but it is unlikely that many would
either be landed or processed that were smaller
than about 60mm shell height (ignoring the legal
minimum size limit of 70mm), thus explaining
the necessity for calculation of some effective
exploitation rate, E. Assuvining a normal size dis-
tribution of scallops in the cohort, only one half
of the cohont would then be converted to 'yield’.
This has been calculated in Table 1 (d), where it
is clear that yield from this bed is substantially
reduced ifthis strategy is used, rather than leaving
the bed until the major cohort was 3 years old.
This size sclectivity can normally be accounted
for, and adjusted at will in yield models, but is
kept separate here for simplicity.

Regardless of the yicld implications, the impor-
tant result for a managemcnt strategy utilizing
scenario (b) and (c) is in potential egg production
as a measure of recruitment overfishing. Using
(Fig. 3):

Fecundity (millions of eggs) = 1.086 (years
old) + (.148 (5).

it is a simple matter to calculate the difference
in age-based egg production from the three
management strategies (Table 1). The differences

TABLE 2. Egg production for three management
strategies, based on analytical yield model of Table |
and age/fecundity schedule of Figure 3; where (a) s
scallops fished from age 1+ onwards, (b) is scallops
fished from age 2+onwards, and (¢) Is scallops fished
from age 3+ onwards

Age Pop. size Ligg Cumnlative
(000,000) production  {egg production
x101%)
{ay| 1 23.5 29
2 1.5 35
3 1.0 34
TOTAL 35.9 359
(by{ 2 12.2 283
3 0.8 25
4 0.5 2.2
TOTAL 332 69.1
ey 3 6.3 216
4 0.4 1.8
5 0.3 14
TOTAL 243 939
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FIG. 3. Age (years) versus fecundily for six Bass Struil
scallop beds.

in egg production from these strategics are evi-
dent from Tablc 2, where it is obvious Lhal while
mosteggs are released when population size is at
its highest, removing the population at this point
will result in only a fraction of the total egg
production that would have been realised if the
population had been teft until the major cohort
was 3 years ald, that is, the population spawns in
each year of the three years until caught.

The difference in moving from management
strategy (d) to surategy (c) will resuit in only a
20% drop in total yield, but a 260% increase in
egg production. Over the medium to long term it
is probable that this will be reflected in 1he
recruitment strength of scallop stocks, as well as
in higheroverall prices from larger sized scallops.

DISCUSSION

Given the high per-unit value and the relative
ease of catching scallops when they are abundant,
it is hardly surprising that continued consumer
demand hag had a significant impact on invest-
ment and effort in the Bass Strain fishery. Other
complicating factors include 'diversified’ fishing
license policies in Tasmania, which maintains a
large pool of potential cffort, and converscly, the
lack of diversified license policies in Victoria
which forces effort into the fishery because of the
inahility of the licence holders to spread cffort to
other (ish stocks. There 18 no easy management
solution here, but is becoming evident that there
ts a need [or bioeconomic modeling to determine
not only effects of ecological and environmental
variables on scallop stocks. but also the critical
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problems of sacial and economuc pressures on the
scallop fishing industry and how these relate Lo
stock management (Caddy, 1989),

A structural problem in the Bass Strait fishery
1% Lhat these same social and economic pressures,
and a lack of management foresight in the late
1970°s and early 1980’s, have resulted in a flect
capable of annual overfishing of available stocks.
The management plap introduced in 1991 con-
tains a mechanism for avoidance of the most
serious long term problem. recruitment overfish-
ing. The two spawnings critenon goes a long way
to solving this chronic overfishing problem while
also attempling to maximise the yield from exist-
ing recruits, but the economics of fishing will
remain marginal while stocks semain low. This
linking of ‘yicld-per-recruit’ with ‘eggs-per-
recruit’ is a valuable extension of the analytical
yield model and was used by Mohn et al. (1984)
10 develop management strategics for Georges
Bank scallops (Gabriel et a).,1989). The
mechanism for achicving the two spawnings
policy, that is, a trashing rate tied to a size limit,
docs not reduce its medium and long term validity
and is also a valuable management too) for con-
servation of juvenile stocks. The trashing rate
concept will also become increasingly important
as (hopefully) stocks rebuild and new juvenile
beds are discovered.

Similar policics for shifting fishing effort from
younger age groups toolder and larger age groups
have resulted in substantial gains in long tcrm
yields and egg production in Canadian scallop
fisheries (Caddy,1989). Targeting of older age
group scallops had a number of beneficial imn-
pacts on fishing stratcgics not characteristic of
simple minimum size limits, which has been sug-
gested as an alternative policy for the Bass Strait
fishery. A minimum size limit without a viable
system of protecting dense patches of new
recruits by loeal area closures (particularly in
multiple year class beds) would return the fishery
to the destructive practice of fishing areas of
predominately small shell in order to cull out the
fow large scallops, while inflicting high levels of
incidental mortality on unlanded juveniles (Mc-
Loughlin et al.,1988; Caddy,1989). The fact that
this practice does occur at low stock levels in Bass
Strait is evident from examination of the 1987
scason (Martin et al,,1989).

The principle of the 'two spawnings” criteria is
nothing more or less than one strategy for stock
rebuilding. However, a stock rebuilding strategy.
with the specific objective of increasing spawn-
ing stock abundance, is just one example of a









